Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 1 of 14 



FIG . 1A 

1 



1.7-0.16 
-0.04=1.5 

1 60/um=0.1 6mm 
40yum=0.04mm 



FIG. IB 

5a 1 





5 31 



4 33 ^ 

' ULTRASONIC WAVE 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 2 of 14 




5.0 6.0 



4 

4a 



0.5 f 



9.0 



5.0 6.0 



05T 



FIG. 3 



Trigger 





Digital 

Oscilloscope 



Pre Amplifier 



11 



© 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 3 of 14 



FIG. 4 



15 

15a ^ 



ULTRASONIC WAVE 



15b 



FIG. 5 



T 

1 




4 
31 

5 

32 




DRIVE PULSE WIDTH [nsec](Td) 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 4 of 14 



FIG. 7 



1 



32a 




5 31 4 



FIG. 8A 



Td 

Hi M 



FIG. 8B 




FIG. 9 




22 1 a 32a 



5b 34 




10 




5a ,o 

31af-2a 
4a 
4b 



\ — '31 b r 2b 
5b 

32b 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 5 of 14 



FIG. 10 

32a 




Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 6 of 14 



1.0 - 
0.5 ■ 



■ 0.0 



-0.5 - 
-1.0 • 




■0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Time [usee] 



1.0 ■ 



0.5 - 



0.0 



-0.5 - 



1.0 - 




t r 



t r 



-| 1 r 



0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Time [^sec] 

13 



Far Field 




R=5mm 
R=2.5mm 
R=1 mm 



Near Field 



-i 1 — j — r-r-rrr-r 



•i 1 — r — r-T'T- rr 



t r 



1 1 10 100 

Propagation Distance [mm] 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 7 of 14 



FIG. 14 



< 
o 

DC 

Q_ ^ 
LU co 

is 



LU 

> 

LU 
O 
LU LU 

C£ Q 



70 

60 

50 

40 

30 

20 - 

10 - 

0 
30 



CALCULATED 
VALUE 

FIRST 

MEASUREMENT 

SECOND 
MEASUREMENT 

THIRD 

MEASUREMENT 

FOURTH 
1EASUREMENT 




35 40 45 50 55 60 

WATER TEMPERATURE [°C] 



65 



70 




30 



CALCULATED 
VALUE 

FIRST 

MEASUREMENT 

.SECOND 
MEASUREMENT 

THIRD 

'MEASUREMENT 



35 40 45 50 55 60 65 

WATER TEMPERATURE [°C] 



70 



SAMPLE BONDED WITH EPOXY RESIN 




30 35 40 45 50 55 60 65 70 



WATER TEMPERATURE [°C] 



SAMPLE BONDED WITH GLASS 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Paqe 8 of 14 



FIG. 16 




^20 (21 ) 



FIG. 17A 




> TIME 



FIG. 17B 




— >TIME 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Paqe 9 of 14 



FIG. 18 



25 24 25 




>TIME 



FIG. 19B 




— >TIME 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 10 of 14 



FIG. 2 OA 




>TIME 



MEASUREMENT RESULT OF A SAMPLE BONDED WITH 
A POLYCARBONATE HAVING A THICKNESS OF 0.5 mm 



FIG.20B 




-> TIME 



MEASUREMENT RESULT OF A SAMPLE BONDED WITH A 
LIQUID CRYSTAL POLYMER HAVING A THICKNESS OF 0.5 mm 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 11 of 14 



FIG. 21 



IV A A T n 1 A 1 

MATERIAL 


DENSITY 

(kg/rrf) 


SOUND 
QPFFD 

or i_ i_ l~/ 

(m/s) 


CHARACTERISTIC 
IMPEDANCE 

(10 6 kg/s/m) 


POLYCARBONATE 


1171 


2330 


2.73 


LIQUID CRYSTAL 
POLYMER 


1824 


3470 


6.33 


CERAMIC 


7800 


3950 


30.8 


WATER 


998 


1483 


1.48 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Page 12 of 14 




27b 



20(21) 




27a 



20(21 ) 



27b 




27c 



20(21) 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING... 
Paqe 13 of 14 



FIG.23A 



REFERENCE VOLTAGE, 




DRIVE PULSE 



RECEIVED WAVE SOUND 
PRESSURE 1 




MEASUREMENT PULSE 1 



RECEIVED WAVE SOUND 
PRESSURE 2 



MEASUREMENT PULSE 2 



FIG.24A 



FIG.24B 



FIG.24C 



Td 



ffcl 



Th 



U 



Tg 



FIG.25B 



44 



Td 



44 



Th 



2TT 



Keating & Bennett, LLP 
36856.1435 
Takaaki ASADA et al. 
METHOD OF DRIVING.. 
Paqe 14 of 14 



Tr 





*7~* Tg 
Th+Tr 



